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FIG. 3 Direct sequencing of the parents of the affected individual in family 
BOsL ^-ampiif.d^A was purged and £ 
resulting single-stranded DNA was sequenced wW, ithe CF-17 pnmer. ^The 
sequence for the mother (no. 291) matches that of the Merlm 292) and 
Swished seouence up to the T residue (position 2566). Beyond this 
S*CX**^^ <* *. two alleles owing to an AT Inserttor, 
METHCCKj. WA amplified with primers CF-8 and CF-17 was e'ectropt»resed 
oTamndenaturing polyacrylamide gel. The 

eel and soaked in 100 water for lh at 65 °C. Buted DNA (5uJ) was 
rearnonfied with a 50-fold dilution of primer CF-17 for 40 cycles. The amplified 
ST waHurified with a Centricon 100 column (Amioon) and sequenced 
with Sequenase (USB) using dfTP and ^-labelled dATP. 




whereas the other carrier sibling had borderline values at 6-7 
years of age (49-50 milliequivalents CP) that decreased to 
normal levels (38 milliequivalents CD at 8 years of age. The 
mother had a normal sweat-test value. The difference in sweat- 
test values among these individuals could be due to environ- 
mental factors or innaccuracies in the sweat test, or reflect 
additional genetic control over ion transport m the sweat duct. 
In either case, a more detailed characterization of ion transport 
and regulation in these individuals should provide insight into 

* The^FhfsMfc^ allele is due to the addition of an AT dinucleo- 
tide into a short segment (8 bp) of AT dinucleotides. Dinucleo- 
tide repeats are hotspots for mutations 19 - 20 . Although principally 
CA repeats have been examined, polymorphic AT repeats have 
also been characterized. A search of the primate sequences m 
the computerized database GenBank revealed >50 sequences 
containing AT repeats that were of 22 bp or more (M.D., data 
not shown). The mechanism for generating new alleles at these 
loci is not understood, but could involve unequal crossing-over 
or errors in replication. Examination of new alleles at other 
tandemly repeated loci, however, indicates that more complex 
mechanisms could be involved '. 

The identification of all of the mutations that cause Cr- is 
essential for complete detection and diagnosis of the disease. 
Although the CFlns2566 allele seems to be rare, the identi- 
fication of this mutation provides some important insights. First, 
all of the CF mutations do not lie in the same exon, implying 
that complete detection will probably require examination of 
several regions of the gene. Second, frame-shift and other null 
mutations might not be uncommon. The most likely explanation 
for the failure so far to find such mutations in the CF gene is 
that individuals homozygous for the loss of gene function do 
not survive. If carriers Tor termination mutants are healthy, there 
would be no selection against such alleles; these alleles would 
only appear in CF individuals, however, when balanced by a 
less severe allele. Frame-shift mutations could occur in virtually 
any region of the gene, making CF diagnosis difficult. 

The continued identification of mutations in the CF locus is 
expected to help elucidate which regions of the CFTR are 
functionally important. Also, examination of the effects of these 
mutations in the allelic combinations in which they naturally 
occur should greatly increase our understanding of the function 
of the CFTR gene and its role in disease. □ 
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the receptor for human 

,„„ t . , 1-4), with immunoglobulin 

(termed CD4 immunoadhesins) possess both the gpl20-binding 
and HIV-blocking properties of recombinant soluble CD4, and 
certain properties of IgG, notably long plasma half-life and Fc 
receptor binding 5 6 . Here we show that a CD4 immunoadhesin on 
mediate antibody-dependent cell-mediated cytotoxicity (ADCC) 
towards HIV-infected cells, although, unlike natural anti-gpt20 
antibodies, it does not allow ADCC towards uninfected CD4- 
expressing cells that have bound soluble gpl20 to the CD4 on 
their surface. In addition, CD4 immuno.dhesin, like natural IgG 
molecules, is efficiently transferred across the placenta of a pri- 
mate. These observations have implications for the therapeutic 
application of CD4 immunoadhesins, particularly in the area of 
perinatal transmission of HIV infection. 

We have previously described CD4 immunoadhesins contain- 
ing the first two immunoglobulin-like domains of CD4 joined 
to the entire constant region of human IgGl heavy chain . As 
the presence of light chain was found to be unnecessary for 
secretion of dimeric molecules 5 , we constructed additional 
derivatives lacking the CHI domain of the IgGl heavy chain 
(Fig. 1). The gpl20-binding and Fc receptor-binding properties 
and the improved half-life characteristics of this molecule were 
comparable to the CD4 immunoadhesin containing the CHI 
domain (not shown). 

As CD4 immunoadhesin binds Fc receptors, we examined 
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TABLE i Placental transfer of rC04 and CD4-lgG in pregnant rhesus monkeys 



Infant/maternal 



Rhesus monkey 



Concentration (ng ml" 1 ) in 
maternal serum 
Protein Mean Range 

CD4-lgG 489 (276-673) 15.2 3.1% 

CD4-lgG 



(155-301) 7.6 3.5% 
rCD 4 682 (360-820) 1.1 
rCD4 437 (205-504) <0-8 



- „o„ ra „, rhesus monkeys at 150-160 days gestation (normal gestation period 160-170 days) received a loading dose of CD4 immunoadhesin 
(crTX^^^ by continuous Infusion for 24 1, the infants were ^ttT^T^^Zl 
(CD4-lgfa) or rv.u« 4 8 12 16 20 and 24 h of infusion and from the infant and cord Wood at the time of delivery. For maternal 
TT^SZ^ Seters wl^MoZ^Z vein and artery under general anaesthesia 24h before the start of the study. After 
dosmg and ^ Z iS and no additional anaesthesia was given. Animals received the loading dose of drug as an intravenous 
cathenzaforr he artmals to dear the carter of drug. The infusion was started irately thereafter. For 
l^J^lVriST^V^l^ was given, followed by 1.12 mg kg- over 24 h; for rCD4. a 0.135 mg kg- loading dose was given 
lunoadhesm, a u.uo mg Kg f . , . ^.^^ ^ .ntlhodv enzvme- rtted immunosorbent assays ELISA 



< . ri k or mo ke" 1 ove? 24 h Serum concentrations of each protein were determined by double antibody enzyme-linked immunosorbent assays (ELBA) 
S As this antibody recognizes the gpl20 binding domain of CDA, tt« assays thus detect 
each using ^*^T^S^M of binding gpl20. To measure rCD4 concentration. Leu3a in 0.05M carbonate buffer. pH9.6. was used to coat 

rir^ aiSAdtert (PBS containing 0.5% BSA. 0.05% Tween 20 and 0.01% thimerosal). rCD4 standards and samples diluted in rhesus serum 
temperature with ELBA diluent (FBb containing ;u a . For detection of rCD4. monoclonal antibody 0KT4 (Ortho) was conjugated to 



TZ£ Tfor Ih an? ^ wTwaLd iaTn ^P&T^ FcTc£5ta of rCD4. monoclonal antibody 0KT4 (Ortho) was conjugated tc 
„ '^1 ^lo4 W toehrinTeTManntom)^^ method". After appropriate dilution in EUSA diluent, the conjugated antibody was 
SiXThltl^™ 

incuoatea ioi x . substrate for 20-30 min at room temperature. Reactions were stopped with 4.5 N HjSO, and plates were read at 

S^SSirSe ^procedure was used, except that Leu3A was conjugated to HRP and used for detection; rncnoclonal anttoody 1104.5 (provided 
oT^nSTSnS^whl* recognizes domain 2of rC04, was used for antigen capture. The range for this assay was 0.19 to 12.0 ng ml \ 



whether it could mediate ADCC towards HIV-infected cells by 
human peripheral blood mononuclear cells. Indeed, CD4 
immunoadhesin mediates ADCC towards HIV-infected, but not 
uninfected, CEM human T-lymphoblastoid cells in a dose- 
dependent manner (Fig. 2a and b). Soluble recombinant (rCD4) 
does not mediate ADCC (not shown), but can inhibit cell lysis 
mediated by CD4 immunoadhesin (Fig. 2a), demonstrating that 
specific binding to gpl20 by CD4 immunoadhesin is essential. 

It has been suggested that ADCC in AIDS patients may be 
a mechanism of pathogenesis rather than protection 7 , as soluble 
gpl20, by binding to healthy CD4-expressing 'bystander' cells, 
can make such cells targets for ADCC, mediated by the anti- 
gpl20 antibodies found in HIV-infected individuals. In contrast 
to natural anti-gp!20 antibodies, CD4 immunoadhesin does not 



mediate killing of uninfected CEM cells preincubated with 
soluble gpl20 (Fig. 2b). A likely explanation is that CD4 
immunoadhesin, unlike natural anti-gpl20 antibodies, cannot 
bind gpl20 already bound to cell-surface CD4, because soluble 
gpl20 is thought to have only one CD4-binding site. 

An increasing number of paediatric AIDS patients are infected 
in utero by transmission from the mother*. As natural IgG 
molecules are selectively transported across the placenta of 
primates in an Fc receptor-dependent manner, we tested whether 
CD4 immunoadhesin shared this property. Pregnant rhesus 
monkeys near to term were given a bolus dose of either rCD4 
or CD4 immunoadhesin, then were continuously infused to a 
relatively constant concentration for 24 h before delivery by 
caesarian section. Serum concentrations were determined by 



CD4 Immunoadhesin 



Soluble rCD4 



lgG1 Heavy chain 



FIG 1 Structure of CD4 immunoadhesin, soluble rCD4 and the parent human 
C04 and IgGl heavy chain molecules. CD4- and IgGl-derlved sequences are 
indicated by shaded and unshaded regions, respectively. The immuno- 
globulin-like domains of CD4 are numbered 1-4; TM and CYT refer to the 
transmembrane and cytoplasmic domains. Soluble rCD4 is truncated after 
proline 368 of the mature CD4 polypeptide 1 *. The variable (VH) and 
constant (CHI. hinge. CH2, and CH3) regions of IgGl heavy -» 



Disulphide bonds are in 



d by S-S. CD4 immunoadhesin consists o 




residues 1-180 of the mature CD4 protein fused to IgGl sequences begin- 
ning at aspartic acid 216 (taking amino acid U4 as the first residue of the 
heavy chain constant region 15 ) which is the first residue in the IgGl hinge 
after the cysteine residue involved in heavy-light chain bonding. The CD4 
immunoadriesin shorn which lacks a €H1 domain, was derived from a 

CHI -containing C04 immunoadhesin 9 by oligonudeotide-directed deletional 



mutagenesis 16 , expressed in Chinese hi 



ir ovary cells and purified tc 



>99% purity using protein A-Sepharose chromatography as described . 
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immunoassay at various times in the mother and in the newborn 
within 5 min of birth. The concentration of CD4 immunoadhesin 
in fetal serum was 3=3% of the maternal level after 24 h (Table 
1), indicating a significant rate of placental transfer. By contrast, 
rCD4 did not accumulate in the fetal serum to a significant 
extent. This is most probably due to lack of active transport 
across the placental barrier, although it is possible that transfer 
would not be detected owing to the shorter half-life of rCD4 
(ref. 5). . .. , ■ 

Although the rate at which a protein appears in the fetal 
circulation cannot be directly translated into a rate of placental 
transfer, because the rate of degradation of the protein in the 
fetus is unknown, comparisons can be made with the appearance 
rate of human antibody in classical human experiments. Dancis 
et al? gave radioiodinated human y-globulin to women in their 
third month of pregnancy before abortion of the fetus, and 
observed a concentration in the fetus that was 2.8% of maternal 
levels after 18-24 h. Simiarly, Gitlin et al 10 gave women who 
were nearly to term a single intravenous injection of radioiodi- 
nated y-globulin up to 4 weeks before birth and observed an 
increase in the infant plasma concentration of ~3% of maternal 
level per day. Thus the rate of appearance of CD4 immunoad- 
hesin in a primate fetus is close to that of normal human IgG 
in humans. 

CD4-based strategies have an important theoretical advantage 



over other AIDS therapeutics, as HIV must bind CD4 to be 
able to infect its cellular target (the T4 cell) specifically. Soluble 
CD4 derivatives have thus been developed with two objectives: 
to block gpl20-mediated events such as the spread of viral 
infection, formation of syncytia and binding of gpl20 to unin- 
fected 'bystander' cells, and to use CD4 as a targeting agent to 
direct a cytotoxic agent to HIV-infected cells (for example, 
CD4-ricin", CD4-pseudomonas exotoxin 12 ). Here we have 
shown that CD4 immunoadhesin can direct the killing of HIV- 
infected cells, as well as blocking gpl20-mediated events 5,4 . 
Significantly, CD4 immunoadhesin, unlike natural anti-gpl20 
antibodies, cannot kill CD4-expressing bystander cells coated 
with soluble gpl20. 

The fetal acquisition of passive immunity in humans is medi- 
ated by selective placental transfer of maternal IgG. As CD4 
immunoadhesin shares this property, passive immunity to HIV 
could be established in the fetus by maternal administration, 
possibly preventing perinatal transmission of infection. The 
mechanism underlying selective transport of IgG involves bind- 
' ing to Fc receptors on the apical surface of the syncytiotropho- 
blast, resulting in protected endocytotic transport 11 . The fact 
that this, and so many other different properties of IgG, can be 
conferred on CD4 by the addition of an Fc region suggests that 
such functions could be acquired by any adhesion molecule 
capable of being linked to Fc in place of the Fab sequences 
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RECENT advances in understanding the molecular basis of human 
X-Iinked muscular dystrophies (for a review, see ref. 1) have come 
from the identification of dystrophin, a cytoskeletal protein associ- 
ated with the surface membrane 2-4 . Although there is little or 
virtually no dystrophin in affected individuals 5 - 6 , it Is not known 
how this causes muscle degeneration. One possibility is that die 
membrane of dystrophic muscle is weakened and becomes leaky 
to Ca I+ (refs 7-9). In muscle from mdx mice, an animal model 
of the human disease 10 , intracellular Ca 1 * is elevated and associ- 
ated with a high rate of protein degradation". The possibility that 
a lack of dystrophin alters the resting permeability of skeletal 
muscle to Ca 1 * prompted us to compare Ca 2+ -permeable tonic 
channels in muscle cells from normal and mdx mice. We now show 
that recordings of single-channel activity from mdx myotubes are 
dominated by the presence of Ca J+ -permeable mechano-trans- 
ducing ion channels. Like similar channels in normal skeletal 
muscle, they are rarely open at rest, but open when the membrane 
is stretched by applying suction to the electrode 11-1 ''. Other chan- 
nels in mdx myotubes, however, are often open for extended periods 
of time at rest and close when suction is applied to the electrode. 
The results show a novel type of mechano-transducing ion channel 
in mdx myotubes that could provide a pathway for Ca I+ to leak 
into the cell. 

We recorded single-channel activity from cell-attached patches 
on myotubes from normal and mdx mice with 1 10 mM BaCl 2 
in the patch electrode. Figure la shows a continuous record of 
single-channel activity recorded ~ 1 min after the patch electrode 
formed a seal on the surface of a myotube from normal mouse 
muscle. At a holding potential of -60 mV, the single-channel 



(n*fW 



FK3. 1 Channel activity recorded from the surface of myotubes from normal 
and mdx mice with 110 mM BaCI 2 in the patch electrode showing unitary 
Ba 2+ currents at a constant holding potential of -60 rr»V. The traces are 
sequential and represent a segment of a continuous recording (-10 seconds 
channel activity). Currents were filtered at 1 kHz with an eight-pole Bessel 
filter and sampled at 5 kHz. a. Recording from a cell-attached patch on a 
normal myotube. ft Recording from a cell-attached patch on a mdx myotube 
showing low channel activity, c, Recording from a different mdx myotube In 
which channel activity was high. 

METHODS. Myotubes were prepared by dissecting hind-limb or cutaneous- 
pectoris muscles from 7-day-old normal C57B control mice or mdx mice 
(Jackson Laboratory) after killing by cervical dislocation. The muscle was 
minced and Incubated for -15 min at 37 "C inCa a+ - and Mg 2 *-free Hank's 
buffer containing 0.125% typsin. Cells were dissociated by passing through 
a small-bore pipette and filtered through ICO-jim gauze. The suspension 
was preplated for -1 h to remove fibroblasts, after which the remaining 
cells in suspension were plated on gelatin-coated tissue culture dishes at 
a density of -5.000 cells per cm* in DMEM medium supplemented with 
20% FCS and chick embryo extract Myoblasts began to fuse and form 
myotubes after —4-5 days in culture. Recordings were made from myotubes 
1-5 days after the first myotubes formed. Recordings of single-channel 
activity from cell-attached patches were made with a List EPC-7 amplifier 
as described previously 19 . Current signals were recorded on video tape and 
replayed onto the hard disk of a laboratory computer (PDP 11/73) for later 
analysis. Patch electrodes were made from borosifcate capillary pipettes 
(Rochester Scientific) and had resistances of 2-4 MO when fflled with 
110 mM BaClj and immersed in the bath. The bathing solution contained 
150 mM potassium asparatate, 5mM MgCl a , 5mM EGTA. 10 mM glucose 
and 10 mM HEPES buffer. The pH was adjusted to 6.5 with KOH. An isotonic 
potassium bathing solution was used to zero the resting potential of the 
cell. Occasionally, voltage shifts were detected after patch excision which 
indicated a maximum voltage error of - 10 mV. The bathing solution produced 
no obvious signs of cell deterioration. 
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